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(54) EXHAUST SECONDARY AIR CONTROL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To always be able to supply an appropriate 
amount of secondary air into the exhaust pipe by correcting the pump 
drive initial value and setting the pump drive value according to the 
operation parameters. 

SOLUTION: In this exhaust secondary air control device, a secondary air 
supply duct 1 8 upstream of an electric heater catalyst (catalytic 
converter) 13 is connected to the inside of an exhaust pipe 12 of an 
engine 1 1 , and supply of secondary air is possible by an electric air pump 
19 via the same duct 18. At this time, an ECU 20 determines whether the 
engine 1 1 has been started. Before the engine has been started, the pump 
drive initial value and drive timing are set corresponding to the cooling 
water temperature and intake air temperature at that time. This pump 
drive initial value is set such that the secondary air supply amount per 
unit time increases as the cooling water temperature and intake air 
temperature decrease. The operation time is set longer as the cooling 
water temperature and intake air temperature decrease. As a result, the 
operation of the electric air pump 1 9 is always appropriately controlled. 
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CLAIMS 



Claim(s)] 

Claim 1] Secondary exhaust air pneumatic-control equipment equipped with the electric air pump which supplies 
econdary air to the upstream through a secondary air duct in the internal combustion engine which established the 
lectric heating formula catalyst within exhaust air from the aforementioned electric heating formula catalyst within 
aforementioned ] exhaust air characterized by providing the following. A setting means to amend pump drive initial 
^alue according to the operation parameter of the aforementioned internal combustion aigine which contains an engine 
oad at least, and to set up a pump drive value. An electric power supply means to supply the power according to the 
iforementioned pump drive value to the aforementioned electric air pvimp. 

Claim 2] The aforementioned pump drive initial value is set up according to engine-coolant water temperature and an 
ntake-air temperature, an exhaust-gas-pressure correction factor is set up according to an engine speed and inlet-pipe 
ntemal pressiwe, an air- fuel ratio correction factor is set up according to the air- fuel ratio in an engine cyUnder, and the 
iforementioned setting means is secondary amendment exhaust air pneumatic-control equipment according to claim 1 
characterized by acquiring the aforementioned pump drive value by things about the aforementioned pump drive initial 
/alue by the aforementioned exhaust-gas-pressure correction factor and the aforementioned air-fizel ratio correction 
actor. 
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DETAILED DESCRIPTION 



Detailed Description of the Invention] 
0001] 

The technical field to which invention belongs] this invention relates to secondary exhaust air pneumatic-control 
equipment equipped with the electric air pump which supplies secondary air within [ of an internal combustion 
mgine ] exhaust air through a secondary air duct, 
0002] 

Description of the Prior Art] In order to reduce the non-bumed component in the exhaust gas of an intemal 
:ombustion engine, the catalyst is prepared in the exhaust pipe. Since a catalyst is not fully activated unless the 
emperature rises at about 350 degrees C or more, the heater which heats a catalyst .so that a catalyst may always make 
I cleaning effect effectively to exhaust gas in engine performance is arranged in the upstream in a catalytic converter. 
^0003] Moreover, in order to introduce secondary air within exhaust air and to promote combustion of tiie non-bumed 
c^omponent by the catalyst, it has secondary exhaust air air supply equipment. This secondary exhaust air air supply 
equipment is equipped with the electric air pump which consists of a motor made to rotate a fan. Usually, an electric air 
pump drives only a predetermined period from engine starting, and supplies secondary air within exhaust air by 
ventilating a secondary air duct by rotation of a fan (for example, JP,5-59940,A). 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the pressure and exhaust air capacity of exhaust gas within 
exhaust air are changed according to the operational status of an engine, change of the pressure of the exhaust gas 
within exhaust air or exhaust air capacity affects the secondary air content supplied by the air pump. That is, if the 
pressure and exhaust air capacity of exhaust gas within exhaust air change with change of the operational status of an 
engine, even if the driving force of an electric air pump is fixed, the secondary air content suppHed by the electric air 
pump will change, and a suitable secondary air content will no longer be supplied within exhaust air. It becomes 
impossible consequently, to aim at sufficient promotion of combustion of the non-bumed component by the catalyst. 
[0005] Then, the purpose of this invention is offering the secondary exhaust air air supply equipment which can supply 
a suitable secondary air content within exhaust air with an electric air pump. 
[0006] 

[Means for Solving the Problem] The secondary exhaust air air supply equipment of this invention is secondary 
exhaust air pneumatic-control equipment equipped with the electric air pump which supplies secondary air to the 
upstream through a secondary air duct in the intemal combustion engine which established the electric heating formula 
catalyst within exhaust air from the electric heating formula catalyst within exhaust air. It is characterized by having a 
setting means to amend pump drive initial value according to the operation parameter of an intemal combustion engine 
which contains an engine load at least, and to set up a pump drive value, and an electric power supply means to supply 
the power according to the pump drive value to an electric air piunp. 

[0007] That is, by amending pump drive initial value according to the operation parameter containing such an engine 
load, setting up a pump drive value, and supplying power to an electric air pump according to the pump drive value, 
since the exhaust gas pressure and displacement of exhaust gas can be presumed according to the operation parameter 
containing an engine load according to this invention, even if it changes the exhaust gas pressure and displacement of 
exhaust gas, a suitable secondary air content can be supplied within exhaust air with an electric air pump, 
[0008] moreover, the secondary exhaust air air supply equipment of this invention - setting ~ a setting means - pump 
drive initial value — engine-coolant water temperature and an intake-air temperature - responding — setting up - an 
engine speed and inlet-pipe intemal pressure — responding - an exhaust-gas-pressure correction factor ~ setting up - 
the air-fuel ratio in an engine cylinder — responding — an air- fuel ratio correction factor ~ setting up ~ pump drive 
initial value - an exhaust-gas-pressure correction factor and an air-fuel ratio correction factor - an amendment - a 



)uinp drive value is acquired by things 

0009] Therefore, since pump drive initial value is set up according to engine-coolant water temperature and an intake- 
lir temperature, the secondary exhaust air air content according to the temperature state of a catalyst can be supplied, 
md, thereby, the fall of the degree of catalyst temperature can be prevented, moreover, pump drive initial value - an 
jxhaust-gas-pressure correction factor - an amendment ~ the influence by change of the displacement to the amount 
)f secondary air supply can be reduced by things furthermore, pump drive initial value - an air- fuel ratio correction 
actor - an amendment - the secondary exhaust air air content which was suitable for the temperature rise of a catalyst 
vith things can be supplied 
0010] 

Embodiments of the Invention] Hereafter, the example of this invention is explained in detail, referring to a drawing. 
drawing 1 shows the exhaust air system of the internal combustion engine equipped with the secondary exhaust air 
meumatic-control equipment by this invention. The catalytic converter 13 which is an electric heating formula catalyst 
s arranged by the exhaust pipe 12 which extended from the exhaust air port of an engine 11. The catalytic converter 13 
s equipped with the energization heater 15, the light-off (light-off) catalyst 16, and the main catalyst 17 sequentially 
a-om the upstream in the cylinder case 14. The energization heater 15 consists of a honeycomb-structure object with 
^hich for example, catalyst material was applied, and self also makes a catalysis, is heated by the heat of combustion 
For exhaust gas unbumt baking, and heats tiie exhaust gas of the upstream of the light-off catalyst 16. In addition, the 
structure of a catalytic converter of having an energization heater is shown in JP,8-218857,A and JP,8-3 16660,A, for 
example. 

001 1] In order to lead the secondary air which is the open air from a catalytic converter 13 in an exhaust pipe 12 to the 
ipstream exhaust pipe 12, the secondary air duct 18 is open for free passage. The electric air pump 19 is arranged by 
lie secondary air duct 18. The electric air pump 19 has DC-motor 19a and fan 19b which rotates by the DC-motor 19a, 
md when fan 19b rotates, it ventilates and supplies secondary air in an exhaust pipe 12 through the secondary air duct 
18. 

[0012] Drive control of the motor 19a of the electric air pump 19 is carried out by ECU (engine control unit)20. 
ECU20 is equipped with CPU21, ROM22, RAM23, A/D converter 24, the counter 25, the input interface (I/F) circuit 
26, flie output interface (I/F) circuit 27, and the tuner 28 at least, as shown in drawing 2 , and they are mutually 
connected by the common bus. The cooling coolant temperature sensor 31 which detects the cooling water temperature 
TW of an intemal combustion engine, the intake temperature sensor 32 which detects the intake-air temperature TA of 
an engine, the inlet-pipe intemal pressure sensor 33 which detects the pressure PB in the inlet pipe of a throttle-valve 
(not shown) lower stream of a river, and the sensor of oxygen density sensor 34 grade which is formed in an exhaust 
pipe 12 and detects the oxygen density in exhaust gas are connected to A/D converter 24. A/D converter 24 changes 
the output value of these sensors into digital value. A counter 25 generates the signal which measures the recurrence 
mterval of the pulse outputted from the crank angle sensor 35 by coimting of the occurrences of the clock pulse 
outputted from the clock generation machine which is not illustrated, and shows an engine speed Ne. The crank angle 
sensor 35 also generates the TDC signal which shows the top dead center time of the piston of each cylinder with the 
criteria position signal which shows the time of angle of rotation of a crankshaft being in the predetermined angular 
position, and they are supplied to CPU21, The end of the ignition switch 29 is connected to the input interface circuitry 
26, and tuming on and off of the ignition switch 29 is detected. Motor 19a of the electric air pump 19 is connected to 
the output interface circuitry 27, and also the heater energization circuit 30 which carries out on-off control of the 
energization to the above-mentioned energization heater 15 is connected. Moreover, the injector (not shown) which 
carries out fuel injection according to the fuel oil consumption computed in the case of the fuel-injection control 
performed in ECU20 is connected to the output interface circuitry 27. 

[0013] CPU21 of ECU20 will perform drive control action of the electric air pump 19, if ON of the ignition switch 29 
is detected through the input interface circuitry 26. This drive control action is repeatedly performed imtil only a 
predetermined time (time more than the operating time T set up at Step S3) passes since ON of the ignition switch 7. 
[0014] In drive control action, CPU21 distinguishes first whether the engine 1 1 started, as shown in drawing j. (Step 
SI). Engine starting is distinguished by distinguishing whether an engine speed Ne is more than low rotational 
frequency (cranking rotational frequency) Nl (for example, 500rpm) predetermined. If it becomes before starting of an 
engine 1 1, the cooling water temperature TW and intake-air temperature TA of an intemal combustion engine will be 
read in AJY> converter 24, the pimip drive initial value BASE corresponding to the cooling water temperature TW and 
intake-air temperature TA will be set up (Step S2), and the operating time T corresponding to the cooling water 
temperature TW and an intake-air temperature TA will be set up (Step S3). The pump drive initial value BASE is set 
up by the low so that the cooling water temperature TW and intake-air temperature TA of each may enlarge the amount 
of secondary air supply per unit time. This is for supplying the secondary exhaxist air air content according to the 
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emperature state of a catalyst. A low is long and, as for operating time T, the cooling water temperature TW and 
jitake-air temperature TA of each are set up. CPU21 sets the set-up operating time T to a timer 28, and time 
neasurement of operating time T is made to start (step S4). 

001 5] CPU21 distinguishes whether time measurement of the operating time T by the timer 28 was completed, when 
t distinguishes that the engine 1 1 started in Step SI (Step S5). If a timer 28 becomes during time measurement of 
operating time T, an engine speed Ne and the inlet-pipe internal pressure PB will be read in a counter 25 and A/D 
inverter 24, and the exhaust-gas-pressure correction factor KEP will be set up according to an engine speed Ne and 
the inlet-pipe internal pressure PB (Step S6). This exhaust-gas-pressure correction factor KEP is a correction factor in 
:^onsideration of the influence of pressure (exhaust gas pressure) change of the exhaust gas to the amount of secondary 
air supply by the electric air pump 19. Since the relation between an engine speed Ne, and the inlet-pipe intemal 
pressure PB and the exhaust-gas-pressure correction factor KEP is beforehand memorized by ROM22 as a KEP data 
map, it searches and reads an engine speed Ne and the exhaust-gas-pressure correction factor KEP corresponding to the 
inlet-pipe intemal pressure PB from the KEP data map. The exhaust-gas-pressure correction factor KEP is greatly set 
up, so that the exhaust gas pressure presumed from an engine speed Ne and the inlet-pipe intemal pressure PB becomes 
high. In addition, since displacement will also change if exhaust gas pressure changes, the exhaust-gas-pressure 
correction factor KEP is also an amendment thing about the influence by change of the displacement to the amount of 
secondary air supply. 

[0016] Moreover, CPU21 sets up the air-fuel ratio correction factor KAF (Step S7). tiie engine operation state at the 
time of open loop control like [ immediately after the engine starting start which suspends amendment air-fuel ratio 
feedback control for the basic injection quantity set up according to an engine speed Ne and the inlet-pipe intemal 
pressure PB in fuel-injection control according to the output signal of an oxygen density sensor ] - an air-fuel ratio - 
an amendment sake — correction factors, such as a correction factor at the time of a heavy load, an acceleration 
mcrease-in-quantity correction factor, and a cooling water temperature correction factor, - setting up - the basic 
injection quantity ~ an amendment - things are performed Therefore, since the air-fuel ratio in the cylinder of an 
engine can be presumed according to these correction factors set up in the fuel-injection control, according to these 
correction factors used in fuel-injection control, the air-fuel ratio correction factor KAF is set up. In addition, apart 
from fuel-injection control, you may set up the air-fuel ratio correction factor KAF according to engine operation 
parameters, such as the cooling water temperature TW and throttle- valve opening. 

[0017] Furthermore, CPU21 sets up the other correction factors KOTH (Step S8). As other correction factors KOTH, 
for example, there are a voltage correction factor and a barometric-corrections coefficient, a voltage correction factor is 
an amendment correction factor about a changed part from the default value of the output voltage of the battery which 
is the power supply of the electric air pump 19, and a barometric-corrections coefficient is the so-called high-ground 
correction factor which amends a bird clapper as an air-fuel ratio is rich, so that altitude becomes high. 
[001 8] Thus, if each correction factor is set up, CPU21 will compute the pump drive value DRIVE by amending the 
pump drive initial value BASE by each correction factors KEP and KAF and KOTH (step S9). The pump drive value 
DRIVE is [0019]. 
[Equation 1] 

It is computed from DRIVE=BASExKEPxKAFxKOTH. CPU21 will generate the pump drive instractions which show 
the pump drive value DRIVE to the output interface circuitry 27, if the pump drive value DRIVE is acquired (Step 
SIO). If pump drive instructions are supplied, the output interface circuitry 27 will control the supply current value to 
motor 19a by duty ratio control so that the power according to the pxmip drive value DRIVE is supplied to motor 19a. 
[0020] In Step S5, after time measurement of the operating time T by the timer 28 was completed, when it 
distinguishes, CPU21 generates pump drive halt instructions to the output interface circuitry 27 (Step SI 1), and ends 
this drive control action. ** [ supply of pump drive halt instractions / stop / the drive of motor 19a / the output interface 
circuitry 27 ] 

[0021] It operates until operating time T passes since the time of engine starting, by the time the operating time T 
passes, it will set, the power according to the pump drive value DRIVE is supplied, motor 19a of the electric air pump 
19 drives the electric air pump 19, it rotates, and fan 19b a rotation drive is carried out [ b ] by motor 19a supplies 
secondary air in an exhaust pipe 12 through the secondary air duct 1 8. If the pressure of exhaust gas changes at the 
time of the secondary air supply, since the pump drive v^ue DRIVE will be computed by a part for exhaust-gas- 
pressure change being set up as an exhaust-gas-pressure correction factor KEP, and amending the pump drive initial 
value BASE according to the exhaust-gas-pressure correction factor KEP, change of the amoxmt of secondary air 
supply by exhaust-gas-pressure change is amended. 

[0022] Moreover, if the air-fuel ratio in a cylinder is changed, since the pump drive value DRIVE will be computed by 
a part for air-fuel ratio change being set up as an air-fuel ratio correction factor KAF, and amending the pump drive 



initial value BASE according to the air-fuel ratio correction factor KAF, change of the amount of secondary air supply 
by air-fuel ratio change is amended. Therefore, the secondary exhaust air air content suitable for the temperature rise of 
a catalyst can be supplied. 

[0023] For example, if exhaust gas pressure increases or an air-foel ratio is changed in the rich direction, since the 
calculation value of the pump drive value DRIVE will become large, rotation of fan 19b of the electric air pump 19 
increases so that the amount of secondary air supply may become suitable. In addition, in the above-mentioned 
example, although the supply current to motor 19a is controlled in order to adjust the supply voltage to the electric air 
pump 19, you may control the applied voltage to motor 19a. 

[0024] Moreover, in the above-mentioned example, although operating time T is set up according to the cooling water 
temperature TW and an intake-air temperature TA, fixed time set beforehand is sufficient as operating time T. 
Furthermore, this invention can be apphed not only immediately after engine starting but when supplying secondary air 
to an exhaust air within the pipe one at the time of the open loop control of an air-fuel ratio like [ at for example the 
time of engine acceleration ]. 

[0025] Furthermore, in the above-mentioned example, when CPU21 performs Step S6 - S9, a setting means is 
constituted, and when the output interface circuitry 27 and CPU21 perform Step SIO, an electric power supply means 
is constituted. 
[0026] 

[Effect of the Invention] Like the above, according to this invention, pump drive initial value is amended according to 
the operation parameter of an internal combustion engine which contains an engine load at least, a pump drive value is 
set up, and supplying the power according to the pump drive value to an electric air pump is performed. That is, since 
the exhaust gas pressure and displacement of exhaust gas can be presumed according to the operation parameter 
containing an engine load, the set-up pump drive value turns into a value in consideration of tiie exhaust gas pressure 
of exhaust gas, and change of displacement. Therefore, if the power according to the pump drive value is supplied to an 
electric air pump, even if it changes the exhaust gas pressure and displacement of exhaust gas, a suitable secondary air 
content can be supplied within exhaust air with an electric air pump. Consequently, sufficient promotion of combustion 
of the non-bumed component by the catalyst can be aimed at. 

[0027] moreover, pump drive initial value ~ engine-coolant water temperature and an intake-air temperature - 
responding — setting up — an engine speed and inlet-pipe intemal pressure — responding ~ an exhaust-gas-pressure 
correction factor ~ setting up — the air-fuel ratio in an engine cylinder — responding — an air-fuel ratio correction 
factor - setting up - pump drive initial value an exhaust-gas-pressure correction factor and an air-fiiel ratio 
correction factor - an amendment — a pump drive value is acquired by things Therefore, since pump drive initial value 
is set up according to engine-coolant water temperature and an intake-air temperature, the secondary exhaust air air 
content according to the temperature state of a catalyst can be supplied, and, thereby, the fall of the degree of catalyst 
temperature can be prevented, moreover, pump drive initial value ~ an exhaust-gas-pressxzre correction factor - an 
amendment — the influence on the amount of secondary air supply by change of displacement can be reduced by things 
furthermore, pump drive initial value — an air- fuel ratio correction factor — an amendment — the secondary exhaust air 
air content which was suitable for the temperature rise of a catalyst with things can be supplied 
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(54) EXHAUST SECONDARY AIR CONTROL DEVICE electric air pump 1 9 is always appropriately controlled. 

(57) Abstract: COPYRIGHT: (C)1999,JPO 

PROBLEM TO BE SOLVED: To always be able to supply 
an appropriate amount of secondary air into the exhaust 
pipe by correcting the pump drive initial value and 
setting the pump drive value according to the operation 
parameters. 

SOLUTION: In this exhaust secondary air control device, 
a secondary air supply duct 18 upstream of an electric 
heater catalyst (catalytic converter) 13 is connected to 
the inside of an exhaust pipe 12 of an engine 11, and 
supply of secondary air is possible by an electric air 
pump 19 via the same duct 18. At this time, an ECU 20 
determines whether the engine 11 has been started. 
Before the engine has been started, the pump drive 
initial value and drive timing are set corresponding to 
the cooling water temperature and intake air temperature 
at that time. This pump drive initial value is set such 
that the secondary air supply amount per unit time 
increases as the cooling water temperature and intake 
air temperature decrease. The operation time is set 
longer as the cooling water temperature and intake air 
temperature decrease. As a result, the operation of the 
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